Portal vein aneurysms are rare vascular abnormalities, many of which are incidentally discovered on routine imaging studies. The etiology of portal venous aneurysms is poorly understood, and the management of these lesions is debatable. We report the case of a 61-year-old woman with extrahepatic portal vein aneurysm. We review the nature and significance of this abnormality and discuss appropriate clinical, imaging, and treatment approaches.
Introduction Case Report
Institutional review board approval is not required for single retrospective case studies at our hospital. A 61-year-old woman with a past medical history of surgically resected squamous cell carcinoma of the right fifth digit and vulvar carcinoma in situ underwent routine surveillance colonoscopy for colorectal carcinoma screening at an outside hospital. Endoscopy revealed a small mass in the ascending colon, which biopsy showed to represent a tubulovillous adenoma. A laparoscopic right hemicolectomy was subsequently performed. The patient's post-operative course was complicated by an episode of small bowel obstruction diagnosed by abdominal computed tomography (CT) (Fig. 1) . The patient responded well to conservative management of the small bowel obstruction, and was subsequently disdiagnostic and interventional radiologists. As such, we present the case of a 61-year-old patient with no history of liver disease and a portal vein aneurysm incidentally found on abdominal CT examination, and review the nature, significance, treatment strategies, and imaging surveillance of this vascular abnormality. 
Extrahepatic Portal Vein Aneurysm Discussion
Portal vein aneurysm, originally described in 1956 [10] , represents the most common type of visceral venous aneurysm [2] . The reported maximum diameter of the portal vein is not greater than 15 mm in healthy subjects and 19 mm in patients with hepatic cirrhosis [11] . Thus, a portal vein diameter greater than 20 mm is commonly accepted as the diagnostic standard for extrahepatic portal vein aneurysm. Intrahepatic portal vein aneurysms have no universally accepted size standard. The most common sites aneurysmal enlargement of the portal system includes the main portal vein, the confluence of the splenic and superior mesenteric veins, and intrahepatic portal vein branches at bifurcation sites [3] .
The etiology of portal vein aneurysms is controversial. Postulated origins of portal vein aneurysms charged from the hospital in good condition. However, aneurysmal dilation of the portal vein was incidentally noted at that time ( Fig. 1) . Given the presence of this vascular abnormality, the patient was referred to interventional radiology at our institution for assistance in further evaluation and management of the portal vein aneurysm.
On outpatient interventional radiology consultation, the patient denied symptoms of acute or chronic abdominal discomfort, jaundice, melena, hematemesis, hematochezia, nausea, or emesis. Physical assessment revealed a normal abdominal exam, without evidence of distension or tenderness, and with normal bowel sounds. No stigmata of portal venous hypertension were seen, including congestion of abdominal wall or paraumbilical veins. Laboratory examination showed normal biochemical parameters of liver function, including a normal bilirubin level. A baseline ultrasound was performed to better delineate the aneurysm, and showed no evidence of hepatic cirrhosis or intrinsic liver disease, portal hypertension, or portal vein thrombosis (Fig.  2) . On further discussion, the patient recalled that she had undergone another abdominal CT approximately eight years prior at an outside hospital. This imaging study was obtained, and comparison showed no interval change in the size or contour of the portal vein aneurysm. Given the lack of clinical symptoms, underlying liver disease and portal hypertension, and aneurysm stability over time, conservative management was recommended. The patient agreed with this plan, and is doing well at the time of composition of this report. She will undergo clinical follow-up as well as serial imaging with abdominal ultrasound for aneurysm surveillance. include both congenital and acquired causes. Evidence supporting a congenital cause includes reported cases of in utero diagnosis of portal vein aneurysms [12] , evidence of portal venous system aneurysms in patients with histologically proven normal livers, particularly in children and young adults [3], the presence of normal portal venous pressures in the setting of portal vein aneurysm [13] , and the frequent stability of aneurysms at follow-up imaging. Theories for a congenital cause involve inherent weakness in the vessel wall or incomplete regression of the distal right primitive vitelline vein leading to a vascular diverticulum that ultimately develops into an aneurysm [5] . The lack of underlying liver disease or portal hypertension, as well as aneurysm stability over time, favors a congenital cause in our case. Evidence favoring acquired causes of portal venous aneurysms is based on the greater presence of aneurysms in patients who have chronic liver disease, portal hypertension, pancreatitis, trauma, and post surgical complications [14] [15] [16] . However, because many healthy patients present incidentally and without symptoms, these factors may by contributory but not essential. Multidetector contrast enhanced computed tomography (CT) is the imaging modality on which portal vein aneurysms are most commonly incidentally found.
CT allows for precise delineation of aneurysm size and location [15] . Color Doppler sonography and magnetic resonance imaging are also accurate and reliable methods which may be used for additional diagnostic certainty [15] . The presence of an internal non-pulsatile monophasic waveform within the lesion confirms its portal venous origin. Transjugular hepatic venography may be performed to measure hepatic venous pressures to assess for portal hypertension, and to perform liver biopsy to determine the presence of underlying liver disease. Transhepatic portal venography represents a relatively more invasive approach to portal vein aneurysm imaging, but provides excellent definition of portal venous anatomy and demarcation of inflow and outflow portal venous and mesenteric venous vasculature, which is essential in potential aneurysm treatment planning.
While most portal vein aneurysms are asymptomatic, some present with abdominal pain [17] . The risk of complications from portal vein aneurysms is low [18] . Potential complications of portal vein aneurysms include portal system thrombosis, portal hypertension, and aneurysm rupture [5, 17, 19] . Compression of the common bile duct may result in obstructive jaundice [20] . In the absence of clinical symptoms and intrinsic liver disease with portal hypertension, most portal vein aneurysms do not require treatment. If incidentally discovered, close imaging follow-up of portal vein aneurysms may be recommended. If aneurysm growth or aneurysm related complications develop, treatment is advised [18] . Therapies include both medical and surgical approaches. Medical therapy may consist of anticoagulation for treatment of portal vein thrombosis. Surgical treatment options include aneurysmorrhaphy, portocaval shunt, and mesocaval shunt. Aneurysmorrhaphy has the benefit of maintaining portal blood flow, but requires potentially dangerous aneurysm manipulation. Portosystemic shunting avoids aneurysm mobilization, but may result Given the ascension of minimal invasive therapies during recent years, endovascular approaches to the treatment of portal vein aneurysms may be considered. Interventional radiologic approaches to portal vein aneurysm therapy include including stent-graft exclusion. Extensive treatment planning is necessary prior to considering endovascular therapy, however, including assessment of inflow and outflow vessel size, evaluation of stent landing zones, need for exclusion of mesenteric or splenic venous branch vessels, and need for adjunctive embolization, such as splenic arterial and venous embolization to prevent endoleak. In our case, stent-graft insertion would be challenging given size incompatibility between the mesenteric and portal ends of the aneurysm. Further complicating matters is involvement of both the splenic and superior mesenteric veins, requiring exclusion of one vessel during stentgraft insertion (assuming that a bifurcated device is not used) with possible embolization to avoid endoleak. As a precaution, it should be noted that such a complex procedure is best performed by operators familiar with endovascular techniques of transvenous and transhepatic portal access, stent deployment, and embolotherapy in order to avoid complicating circumstances with bleeding complications, stent maldeployment, or non-target embolization.
